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Research  Report: 


I.  Statement  of  Problem: 

The  purposes  of  this  investigation  were:  (1)  to  investigate  the  preparation 
of  metal  stabilized  ylides  and  their  utility  in  the  preparation  of  fluoromethylene 
olefins,  and  (2)  to  investigate  ylide-carbene  reactions  as  a  route  to  difluoro- 
methylene  olefins  which  avoids  the  limitations  of  the  classical  Wittig  reaction. 

During  the  course  of  these  investigations  we  discovered  several  new  and 
novel  reactions  of  difluorocarbene  as  well  as  a  new  and  unique  chain-extention 
reaction  for  the  preparation  of  fluoroolefins  and  conjugated  dienes. 


II.  Summary  of  Important  Results: 

A.  Our  work  on  the  preparation  of  metal-stabilized  ylides  yielded  four 
significant  publications.  We  were  able  to  prepare  stable  zinc  and  cadmium 
complexes  of  the  difluoromethy  phosphonates  ylide  (cf.  Publications  #3  and  13) . 

In  contrast  to  the  instability  of  di fluoromethylene  ylide  (even  at  low  temperatures) 
these  metal  stabilized  ylides  were  thermally  stable  (Cd  reagent  to  60°C,  Zn 


reagent  to  100°C) . 

0 

ft 


(R0)2p-cf2 

unstable 

0 

* 

(RO) 2PCF2Br 


Cd 


(RO)2p0 


0 

It 


*  [:CF2] 


0  l 


Zn 


(RO)2PCF2CdBr 

stable 


(RO)2PCF2ZnBr 

stable 


More  importantly,  the  metal  stabilized  reagents  mimic  the  unstable  ylide  in  their 
chemical  reactions  and  can  be  utilized  in  synthetic  applications  in  which  the 
free  unstable  ylide  fails. 
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(RO)2PCF2ZnBr  ♦  R'C(0)C1 


0  0 

(t  K 

(RO)2PCF2CR*  +  ZnBrCl 


Cf.  Publication  #3 


Similarly,  the  analogous  phosphonium  ylide  [R3P-CF2]  is  unstable  and  can 
only  be  generated  and  captured  insitu  via  dehalogenation  of  bromodifluoromethyl- 


phosphonium  salts  with  tertiary  phosphines.  However,  if  the  olefin  product  is 


[Ph3PCF2Br]Br_  ♦  Ph3P:  +  PhC(0)CF3 


F2OC(Ph)CF3 


reactive  towards  the  tertiary  phosphine  [utilized  in  generation  of  the  ylide]. 


the  product  is  destroyed  in  a  competitive  side  reaction  with  the  tertiary  phosphine. 


However,  we  have  no  demostrated  that  metal-stabilized  ylides  can  circumvent 


this  difficulty,  and  the  preparation  of  highly  reactive  fluoroolefins  is  now 


possible  via  the  use  of  these  reagents. 


[Ph3PCF2Br]Br-  ♦  PhjP: ♦  C6F5C(0)CF3  — >  F2C*C(C6F5)CF3 


[Ph3PCF2Br]Br'  ♦  Cd  ♦  C6F5C(0)CF3  - >  F2C=C(C6F5)CF3 


Cf.  Publication  #12 


Similar  utility  of  metal  dehalogenation  of  phosphonium  salts  was  employed 


in  the  initial  development  of  a  chain-extension  reaction  of  fluoroolefins. 


[Ph3PCF2Br]Br“  +  Hg  ♦  F2C*C(Ph)CF2CF3  — *■  Ph3PCF2CF=C(Ph)CF2CF3]Br' 


CF2*CFC(Ph)»CFCF3 


Cf.  Publication  #14 


This  novel  reaction  delineates  the  first  unequivocal  chain-extension  method  for 


the  preparation  of  homologous  fluoroolefins  or  dienes. 
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Bu  Our  work  on  ylide-carbene  chemistry  has  produced  a  novel  route  to  difluoro- 
methylene  olefins  in  which  all  the  phosphorus-containing  moities  can  be  readily 
recycled.  Thus,  the  major  limitation  (formation  of  Ph^PO)  of  the  classical 
Wittig  reaction  is  avoided. 

This  method  utilizes  the  ylide  in  a  dual  role  -  initially  as  a  base  to 

generate  difluorocarbene  insitu,  and  secondly  as  a  nucleophilic  trapping  agent 

for  the  electrophilic  carbene. 

+  -  + 

Ph3P-CR2  +  CHF2C1  >  [Ph3P-CHR2]Cl"  ♦  [:CF2] 

+  - 

Ph3P-CR2  +  [:CF2]  >  Ph3P:  ♦  F2C=CR2 

Overall  Reaction:  (sum  of  the  two  reactions  above) 

+  -  + 

2  Ph3P-CR2  ♦  CHF2C1  — »  [Ph3PCHR2]Cl‘  +  Ph.jP:  ♦  F2C=CR2 

Note: 

1)  No  Ph  PO  is  produced. 

5  + 

2)  The  [Ph3PCHR2JCl  +  PhjP  produced  in  the  reaction  can  be  readily  recycled 
to  give  additional  ylide.  Thus,  the  expensive  phosphorus  reagents  are  not 
consumed. 

3)  Reaction  is  general  and  easily  scaled  up. 

4)  Cf.  publication  #1  for  full  details  of  this  definitive  paper. 

C.  The  olefins  obtained  from  the  metal -stabilized  ylide  work  and  the  ylide- 
carbene  work  provided  us  excellent  model  compounds  to  study  the  mechanism  of 
the  fluoride  ion  catalyzed  isomerization  of  fluoroolefins.  The  mechanism  of 
this  process  (concerted  or  carbanion)  has  been  the  subject  of  extensive 

CF3C(Ph)=CFCF3  ♦  F' 


F2C»C(Ph)CF2CF3  +  F 


controversy.  A  detailed  kinetic  study  of  a  series  of  2-aryl-F-butenes  gave 
unequivocal  evidence  in  support  of  the  carbanion  mechanism.  However,  we  did 
discover  that  there  was  a  two  step  mechanism  involved  in  the  formation  of  the 
carbanonic  intermediate,  and  a  change  in  the  rate  limiting  step  was  determined 
by  the  type  of  substituent  present  on  the  aryl  ring. 

This  work  provides  the  first  unequivocal  evidence  for  a  carbanion  inter¬ 
mediate  in  this  type  of  catalytic  reaction. 

Full  details  are  described  in  publication  #11. 


D.  The  mechanism  of  hydrolysis  of  fluorine-containing  phosphonium  salts  was 
probed  with  the  use  of  radioactive  bromide.  The  mechanism  (carbene  or  carbanion) 
depends  upon  the  rate  of  collapse  of  the  initially  formed  methide  ion  vs.  the 
rate  of  protonation  of  the  methide  ion.  For  the  bromodifluoromethyl  phosphonium 
salts,  unequivocal  evidence  was  obtained  for  difluorocarbene  as  a  transient 
intermediate.  For  dibromofluoromethyl  phosphonium  salts,  unequivocal  evidence 
to  support  a  carbanion  intermediate  was  obtained.  Thus,  the  mechanism  of 
hydrolysis  of  these  fluorinated  phosphonium  salts  has  been  established  as: 


[Ph3PCF2Br]Br"  +  H20 


♦ 

[Ph3PCFBr2]Br‘  ♦  H20 


- ►  [CF2Br"]  [:CF2]  +  Br 


CF2HBr 


— *  [CFBr2']  [  :CFBr]  +  Br 

1*2° 

CFHBr2 


Publications  #2  and  9  detail  these  results. 
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E.  Othr  carbene  chemistry  suggested  by  these  results  resulted  in  the  work 
detailed  in  publications  #9,  #6,  #7,  and  #4. 


£.  The  work  detailed  in  parts  A  and  led  us  to  explore  other  routes  to  fluoro- 
olefins  and  ylides.  These  works  are  detailed  in  publications  #15,  #16,  #10; 
and  #5. 
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